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Abstract
We report the first measurements of absolute branching fractions for the W -exchange-only processes Λ+c → Ξ0K+
and Λ+c → Ξ(1530)0K+ with the double-tag technique, by analyzing an e+e− collision data sample, that cor-
responds to an integrated luminosity of 567 pb−1 collected at a center-of-mass energy of 4.6 GeV by the BESIII
detector. The branching fractions are measured to be B(Λ+c → Ξ0K+) = (5.90 ± 0.86 ± 0.39) × 10−3 and
B(Λ+c → Ξ(1530)0K+) = (5.02 ± 0.99 ± 0.31) × 10−3, where the first uncertainties are statistical and the sec-
ond systematic. Our results are more precise than the previous relative measurements.
Keywords: Λ+c , W exchange, absolute branching fraction, BESIII
1. Introduction
Weak decays of charmed baryon provide useful
information for understanding the interplay of weak
and strong interactions, complementary to the infor-
mation obtained from charmed mesons. The lightest
charmed baryon Λ+c is the cornerstone of the whole
charmed baryon spectroscopy, and the measurement of
the properties of Λ+c provides essential input for study-
ing heavier charmed baryons, such as singly and dou-
bly charmed baryons [1, 2] and b-baryons [3]. How-
ever, theory development in describing the Λ+c has been
slow [4, 5, 6, 7, 8, 9, 10, 11], mostly due to limited
understanding of the nontrivial non-factorizable effects
involved, especially the W -exchange process. This is
very different from the cases of the D(s) meson de-
cays, where the W -exchange amplitude is suppressed
by color and helicity symmetries. Therefore, clean ex-
perimental measurements of the W -exchange-only pro-
cess in Λ+c decays play an important role in the identi-
fication of the non-factorizable contribution in different
theoretical calculations [12].
The Cabibbo-favored decays Λ+c → Ξ0K+ and
Ξ(1530)0K+ proceed only through the W -exchange
process, as depicted in Fig. 1. These two modes are
typical Λ+c decays to the baryon octet and decuplet
states, respectively. In these two decay modes, large
cancellation between different matrix elements occur in
both S- and P -wave decays, making theoretical pre-
dictions very difficult [13]. Several model predictions
of the branching fractions (B) for Λ+c → Ξ(∗)0K+
(here and in the following, Ξ∗0 is used to denote the
Ξ(1530)0) are listed in Table 1. They show large vari-
ations from each other; the predicted B(Λ+c → Ξ0K+)
Preprint submitted to Physics Letters B June 15, 2018
fall in the range of [1.0, 3.6] × 10−3 [4, 6, 10, 14, 15],
while the calculations for B(Λ+c → Ξ∗0K+) give
three distinct results with one-order-of-magnitude dif-
ference [4, 16, 17]. In experiment, these two modes
were studied by the CLEO [18] and ARGUS [19] col-
laborations more than 20 years ago. Both collabora-
tions directly measured the relative decay rates com-
pared to B(Λ+c → pK−pi+), as given in Table 1. Cor-
recting for the branching fraction of the reference chan-
nel, B(Λ+c → pK−pi+) [21, 22, 23], the average results
read B(Λ+c → Ξ0K+) = (5.0 ± 1.2) × 10−3 [24] and
B(Λ+c → Ξ∗0K+) = (4.0±1.0)×10−3 [24, 20]. Apart
from the poor precision of the two B’s, the experimental
result for B(Λ+c → Ξ0K+) exceeds the upper end of the
predictions by almost 2σ. Hence, an absolute and more
precise determination of these B’s is an important input
for the modelisation of the hadronic decays of charmed
baryons.
u
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u
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uΛ+c
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s
s¯
Ξ(∗)0
K+
u
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u
s
u
Λ+c
W+
s
s¯
Ξ(∗)0
K+
Figure 1: Feynman diagrams of Λ+c → Ξ(∗)0K+.
Table 1: Comparison of previous experimental measurements and the-
oretical predictions for B(Λ+c → Ξ(∗)0K+).
Decay Measured B(Λ
+
c →Ξ(∗)0K+)
B(Λ+c →pK−pi+)
Measured
B(Λ+c → Ξ(∗)0K+)
Predicted
B(Λ+c → Ξ(∗)0K+)
Ξ0K+ (7.8± 1.8)% [18] (5.0± 1.2)× 10−3 [24]
2.6×10−3 [4]
3.6×10−3 [6]
3.1×10−3 [10]
1.0×10−3 [14]
1.3×10−3 [15]
Ξ∗0K+ (5.3± 1.9)% [18]
(9.3± 3.2)% [19, 20] (4.0± 1.0)× 10
−3 [24, 20]
5.0×10−3 [4]
0.8×10−3 [16]
0.6×10−3 [17]
In this Letter, we present a study of the W -
exchange-only decays Λ+c → Ξ0K+ and Ξ(1530)0K+,
based on a data sample corresponding to an integrated
luminosity of 567 pb−1 [25] collected with the BESIII
detector [26] at the center-of-mass energy of
√
s =
4.6 GeV. Throughout the text, charge-conjugated modes
are implicitly assumed, unless otherwise stated. At this
energy, Λ+c is always produced in a pair accompanied
by a Λ¯−c , and the remaining phase space does not al-
low any additional hadrons, hence a double-tag tech-
nique [27] can be employed. This technique does not
require a measurement of the luminosity and knowledge
of the production cross section, thus providing a model-
independent measurement of B(Λ+c → Ξ(∗)0K+).
First, we select a ‘single-tag’ (ST) sample of Λ¯−c can-
didates by reconstructing the Λ¯−c exclusively in one of
12 hadronic decays, as described later. Then, we search
for Λ+c → Ξ(∗)0K+ candidates in the system recoil-
ing against the ST side; the collection of selected can-
didates is referred to as the double-tag (DT) sample. In
this analysis, we only detect one K+ in the DT side
and deduce the presence of a Ξ(∗)0 in the final state
from four-momentum conservation. The absolute B of
Λ+c → Ξ(∗)0K+ is then determined from the efficiency-
corrected ratio of DT yields to ST yields.
2. BESIII Detector and Monte Carlo Simulation
The BESIII detector is a cylindrically symmetric
detector with 93% coverage of the full solid angle
around the e+e− interaction point (IP). The compo-
nents of the apparatus are a helium-based main drift
chamber (MDC), a plastic scintillator time-of-flight
(TOF) system, a 6240-cell CsI(Tl) crystal electromag-
netic calorimeter (EMC), a superconducting solenoid
providing 1.0 T magnetic field aligned with the beam
axis, and a muon counter with resistive plate chambers
as the active element. The momentum resolution for
charged tracks in the MDC is 0.5% at a transverse mo-
mentum of 1 GeV/c. The photon energy resolution for
1 GeV/c photos in the EMC is 2.5% in the barrel region
and 5.0% in the end-cap region. The combined informa-
tion of the ionization energy deposited in the MDC and
the flight time measured by the TOF is used to perform
particle identification (PID) for charged tracks. More
details about the design and performance of the BESIII
detector are given in Ref. [26].
We use high-statistics Monte Carlo (MC) simula-
tion samples of e+e− annihilations to understand back-
grounds and to estimate detection efficiencies. The
e+e− annihilation is simulated by the KKMC gener-
ator [28], taking into account the beam energy spread
and effects of initial-state radiation (ISR). The response
of the detector to the final-state particles is simulated us-
ing GEANT4 [29]. Inclusive MC samples, consisting of
generic Λ+c Λ¯
−
c events, D
∗
(s)D¯
∗
(s) + X production [30],
ISR return to the charmonium(-like) ψ states at lower
masses, and continuum processes e+e− → qq¯ (q =
u, d, s) are generated to study the backgrounds and to
estimate the ST detection efficiencies. Exclusive DT
signal MC events, where the Λ¯−c decays into the stud-
ied ST modes and the Λ+c decays into Ξ
0K+ or Ξ∗0K+
(with Ξ0 and Ξ∗0 decaying generically to all known
channels), are used to determine the DT detection ef-
ficiencies. All assumed simulated decay rates are taken
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from in Ref. [24], and the decays are generated using
EVTGEN [31].
For the MC production of e+e− → Λ+c Λ¯−c events,
the observed cross sections are taken into account, and
phase space generated Λ¯−c decays are re-weighted ac-
cording to the observed features in data. For the decays
of Λ+c → Ξ(∗)0K+, the angular distributions of K+ are
generated following 1 + αΞ(∗)K cos2 θK , where θK is
the polar angle of the K+ in the rest system of the Λ+c .
The parameters αΞ(∗)K in these two decays are deter-
mined from our measurement, as discussed later.
3. Analysis
The ST Λ¯−c baryon candidates are reconstructed us-
ing 12 hadronic decay modes: Λ¯−c → p¯K0S , p¯K+pi−,
p¯K0Spi
0, p¯K0Spi
−pi+, p¯K+pi−pi0, p¯pi−pi+, Λ¯pi−,
Λ¯pi−pi0, Λ¯pi−pi+pi−, Σ¯0pi−, Σ¯−pi0, and Σ¯−pi−pi+.
Here, the intermediate particles K0S , Λ¯, Σ¯
0, Σ¯− and
pi0are reconstructed through their decaysK0S → pi+pi−,
Λ¯ → p¯pi+, Σ¯0 → γΛ¯, Σ¯− → p¯pi0, and pi0 → γγ, re-
spectively.
Charged tracks are required to satisfy | cos θ| <
0.93, where θ is the polar angle with respect to the
positron beam direction. Their distances of closest ap-
proaches to the IP are required to be less than 10 cm and
1 cm along and in the plane perpendicular to the electron
beam axis, respectively. Tracks are identified as protons
if their PID likelihood (L) satisfies L(p) > L(K) and
L(p) > L(pi), while charged kaons and pions are se-
lected using L(K) > L(pi) and L(pi) > L(K), respec-
tively. More information related to PID in BESIII can
be found elsewhere [11].
Clusters in the EMC not associated with any
charged track are identified as photon candidates if they
satisfy the following requirements: the deposited en-
ergy is required to be larger than 25 MeV in the bar-
rel region (| cos θ| < 0.8) or 50 MeV in the end-cap
region (0.86 < | cos θ| < 0.92). To suppress back-
ground from electronic noise and showers unrelated to
the event, the shower time measured by the EMC rel-
ative to the event start time is required to be between
0 and 700 ns. The pi0 candidates are reconstructed
from photon pairs that have an invariant mass satisfy-
ing 115 < M(γγ) < 150 MeV/c2. To improve the
momentum resolution, a kinematic fit constraining the
invariant mass to the pi0 nominal mass [24] is applied to
the photon pairs and the resulting energy and momen-
tum of the pi0 are used for further analysis.
Candidates for K0S and Λ¯ are formed by combin-
ing two oppositely charged tracks of pi+pi− and p¯pi+,
respectively. For these two tracks, their distances of
closest approaches to the IP must be within ±20 cm
along the electron beam direction. No distance con-
straints in the transverse plane are required. The two
daughter tracks are constrained to originate from a com-
mon decay vertex by requiring the χ2 of the vertex
fit to be less than 100. Furthermore, the decay ver-
tex is required to be separated from the IP by a dis-
tance greater than twice the fitted vertex resolution.
In this procedure, as the combinational backgrounds
have been highly suppressed, the charged pions are not
subjected to the PID requirement described above, to
have the optimal signal significance. The vertex fit-
ted momenta of the daughter particles are used in the
further analysis. We impose the requirements 487 <
M(pi+pi−) < 511 MeV/c2 and 1111 < M(p¯pi+) <
1121 MeV/c2 for K0S and Λ¯ candidates. The Σ¯
0 and
Σ¯− candidates are reconstructed from any combinations
of Λ¯γ and p¯pi0 with requirement 1179 < M(Λ¯γ) <
1203 MeV/c2 and 1176 < M(p¯pi0) < 1200 MeV/c2,
respectively. The above requirements on the invariant
masses correspond to approximately ±3 standard de-
viations around the nominal masses [24]. For the de-
cay modes p¯K0Spi
0, p¯K0Spi
−pi+, p¯pi−pi+ and Σ¯−pi−pi+,
possible backgrounds including Λ¯ → p¯pi+ in the final
state are rejected by requiring M(p¯pi+) to be out of the
range (1110, 1120) MeV/c2. In addition, p¯K0Spi
0 can-
didates satisfying 1170 < M(p¯pi0) < 1200 MeV/c2
are excluded to suppress the backgrounds with a Σ¯− in
the final state. To remove K0S candidates in the modes
p¯pi−pi+, Λ¯pi−pi+pi−, Σ¯−pi0 and Σ¯−pi−pi+, the mass of
any pi+pi− and pi0pi0 pair is not allowed to fall in the
range (480, 520) MeV/c2.
The ST Λ¯−c yields are identified using the beam-
constrained mass MBC ≡
√
E2beam/c
4 − p2/c2, where
Ebeam is the average value of the e+ and e− beam
energies and p is the measured Λ¯−c momentum in the
center-of-mass system of the e+e− collision. To im-
prove the signal purity, the energy difference ∆E ≡
E − Ebeam for the Λ¯−c candidate is required to fulfill
a mode-dependent ∆E requirement shown in Table 2,
corresponding to approximately three times the resolu-
tions. Here, E is the total reconstructed energy of the
Λ¯−c candidate. For each ST decay mode, if more than
one candidate satisfies the above requirements, we se-
lect the one with minimal |∆E|. Figure 2 shows the
MBC distributions for the ST samples, where evident
Λ¯−c signals peak at the nominal Λ¯
−
c mass [24]. We fol-
low the procedure described in Ref. [22] to determine
the ST yields for a given tag mode i [NSTi ] in the signal
region 2282 < MBC < 2291 MeV/c2 and the corre-
sponding detection efficiencies [εSTi ], as summarized in
Table 2. In the procedure of extracting detection effi-
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ciencies, the MBC resolutions in MC samples are cor-
rected to agree with those in data. Besides, MC simula-
tions show that peaking backgrounds in some ST modes
are observed with a yield of 1% or less that of the signal.
Table 2: Requirements on ∆E, ST yields NSTi and detection effi-
ciencies εSTi , and DT efficiencies of ε
DT
i,ΞK and ε
DT
i,Ξ∗K . The uncer-
tainties are statistical only. The quoted efficiencies do not include any
subleading B.
Mode ∆E (MeV) NSTi ε
ST
i (%) ε
DT
i,ΞK(%) ε
DT
i,Ξ∗K(%)
p¯K0S (−20, 20) 1145± 34 51.6 41.2 42.6
p¯K+pi− (−20, 20) 5722± 80 45.2 37.3 39.1
p¯K0Spi
0 (−30, 20) 478± 28 17.2 15.1 15.2
p¯K0Spi
−pi+ (−20, 20) 431± 25 18.6 15.4 15.2
p¯K+pi−pi0 (−30, 20) 1407± 51 14.7 13.4 12.7
p¯pi−pi+ (−20, 20) 474± 41 55.4 43.3 45.1
Λ¯pi− (−20, 20) 648± 25 38.7 30.9 31.4
Λ¯pi−pi0 (−30, 20) 1282± 43 13.0 10.9 11.2
Λ¯pi−pi+pi− (−20, 20) 540± 27 10.6 9.0 8.8
Σ¯0pi− (−20, 20) 427± 23 24.1 20.6 20.6
Σ¯−pi0 (−50, 30) 258± 20 19.6 17.3 17.4
Σ¯−pi−pi+ (−30, 20) 1005± 42 20.1 17.2 18.1
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Figure 2: Fits to the MBC distributions in data for the different ST
modes. Points with error bars are data, solid lines are the sum of the
fit functions, and dashed lines are the background shapes.
Candidates of Λ+c → Ξ(∗)0K+ decays are recon-
structed from the remaining tracks recoiling against the
ST Λ¯−c . A kaon with opposite charge to the tagged Λ¯
−
c
is selected with the same selection criteria as described
above. No multiple DT candidates in an event are ob-
served. The kinematic variable
Mmiss ≡
√
E2miss/c
4 − |~pmiss|2/c2, (1)
is used to infer the undetected Ξ0 and Ξ∗0, where Emiss
and ~pmiss are the missing energy and momentum car-
ried away by the undetected Ξ0 or Ξ∗0. The Emiss
and ~pmiss are calculated by Emiss ≡ Ebeam − EK+
and ~pmiss ≡ ~pΛ+c − ~pK+ , where EK+ (~pK+ ) is the en-
ergy (momentum) of the K+ in the e+e− center-of-
mass system. The momentum of the Λ+c baryon ~pΛ+c
is calculated by ~pΛ+c ≡ −pˆtag
√
E2beam/c
2 −m2
Λ+c
c2,
where pˆtag is the momentum direction of the ST Λ¯−c and
mΛ+c is the nominal mass of the Λ
+
c [24]. For the sig-
nal Λ+c → Ξ(∗)0K+ decay, Mmiss is expected to peak
at the the nominal masses of the Ξ0 and Ξ∗0, i.e. at
1314.9 MeV/c2 and 1531.8 MeV/c2, respectively [24].
We combine the DT candidates over the 12 ST
modes and plot the resulting Mmiss distribution in
Fig. 3. An unbinned maximum likelihood fit is per-
formed to determine DT signal yields. The Λ+c →
Ξ(∗)0K+ signal shape is obtained from the MC-derived
signal shape convolved with a Gaussian function com-
mon to both signal channels whose parameters are left
free in the fit. The background shape is described by
a quadratic function, which is validated by the candi-
date events in the ST MBC sideband region of data
and the MC-simulated background samples. Figure 3
shows the fitted curves to the Mmiss distribution. We
obtain the DT signal yields of Ξ0K+ and Ξ∗0K+ to be
NDTΞK = 68.2 ± 9.9 and NDTΞ∗K = 59.5 ± 11.7, respec-
tively, where the uncertainties are statistical only. The
statistical significances for the signal are evaluated by
the changes in the likelihood between the nominal fit
and a fit with the signal yield set to zero; they are 10.3σ
for Ξ0K+ and 6.4σ for Ξ∗0K+.
The absolute B for Λ+c → Ξ0K+ and Λ+c →
Ξ∗0K+ are obtained by the following formula
B(Λ+c → Ξ(∗)0K+) =
NDT
Ξ(∗)K∑
i
NSTi
εSTi
εDT
i,Ξ(∗)K
. (2)
The DT efficiencies εDT
i,Ξ(∗)K are evaluated based on the
yields of the DT signal MC samples in the Mmiss sig-
nal window (1.10, 1.65) GeV/c2, as summarized in Ta-
ble 2. Using Eq. (2), we obtain B(Λ+c → Ξ0K+) =
(5.90± 0.86± 0.39)× 10−3 and B(Λ+c → Ξ∗0K+) =
(5.02±0.99±0.31)×10−3, where the first uncertainties
are statistical and the second systematic as described be-
low.
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Figure 3: Fit to the Mmiss distribution of the DT candidates. Points
with error bars are data, the solid line is the sum of fit functions,
the dash-dotted line is the quadratic function for background and the
shaded histogram shows normalized data from the STMBC sideband
region, defined as 2.250 < MBC < 2.265 GeV/c2.
As the DT technique is adopted, the systematic un-
certainties originating from reconstructing the ST side
cancel. The systematic uncertainties in the B(Λ+c →
Ξ0K+) and B(Λ+c → Ξ∗0K+) measurements mainly
arise from possible differences between the data and
MC simulation of signal processes, K+ tracking, K+
PID, the fit to the Mmiss distribution, ST peaking back-
grounds, and the MBC ST distributions. The detailed
estimation of the different systematic uncertainties are
given below.
The signal processes Λ+c → Ξ(∗)0K+ are simu-
lated by taking into account the angular dependences
1 + αΞ(∗)K cos
2 θK . We obtain the parameters αΞK =
0.77±0.78 and αΞ∗K = −1.00±0.34 from fits to data,
where the statistical uncertainties are dominant. The un-
certainties from signal MC modeling are determined to
be 3.2% and 3.9% for Λ+c → Ξ0K+ and Λ+c → Ξ∗0K+
respectively, by changing the parameter αΞ(∗)K within
the uncertainties.
The uncertainties associated with K+ tracking and
PID are estimated to be 1.0% each by studying a set of
control samples of e+e− → K+K−pi+pi− events se-
lected from data taken at energies above
√
s = 4.0 GeV.
The uncertainties due to the fit procedure are estimated
to be 5.2% and 3.7% for Λ+c → Ξ0K+ and Λ+c →
Ξ∗0K+, respectively, by varying the fit range and back-
ground shape. In order to estimate the overall uncer-
tainties due to the ST peaking backgrounds, we estimate
the ratio of peaking background contributing to the to-
tal ST yields for each ST mode, and then reweight these
ratios by the ST yields NSTi obtained in data. We eval-
uate the resultant systematic uncertainties to be 0.8%
for both Λ+c → Ξ0K+ and Λ+c → Ξ∗0K+. A possi-
ble bias to the efficiency ratio of the DT and ST selec-
tions due to the MBC resolution correction is explored
by removing the corresponding correction in MC sam-
ples. The efficiency ratios are re-calculated and the de-
viations of 2.2% and 2.4% to the nominal results are
taken as the systematic uncertainties for Λ+c → Ξ0K+
and Λ+c → Ξ∗0K+, respectively. All these systematic
uncertainties are summarized in Table 3, and the total
systematic uncertainties are evaluated to be 6.7% and
6.1% for Λ+c → Ξ0K+ and Λ+c → Ξ∗0K+, respec-
tively, by summing up all the contributions in quadra-
ture.
Table 3: Sources of systematic uncertainties and the corresponding
relative values.
Source Ξ0K+(%) Ξ∗0K+(%)
MC model 3.2 3.9
Tracking 1.0 1.0
PID 1.0 1.0
Fitting 5.2 3.7
ST peaking background 0.8 0.8
MBC requirement 2.2 2.4
Total 6.7 6.1
4. Summary
To summarize, the absolute branching fractions of
two W -exchange-only processes Λ+c → Ξ0K+ and
Λ+c → Ξ(1530)0K+ are measured by employing a
double-tag technique, based on a sample of threshold
produced data at
√
s = 4.6 GeV collected with BESIII
detector. The results are B(Λ+c → Ξ0K+) = (5.90 ±
0.86 ± 0.39) × 10−3 and B(Λ+c → Ξ(1530)0K+) =
(5.02±0.99±0.31)×10−3, where the first uncertainties
are statistical and the second systematic. These are the
first absolute measurements of the branching fractions
for the Λ+c → Ξ0K+ and Λ+c → Ξ(1530)0K+ decays.
The results are consistent with the previous measure-
ments [18, 19], but have improved precision. For the
Ξ0K+ mode, the combined B gives (5.56 ± 0.74) ×
10−3, which shows more significant deviations from
predicted values in Table 1 by at least 2.6σ. The mea-
sured B(Λ+c → Ξ(1530)0K+) favors the calculation in
Ref. [4], while B(Λ+c → Ξ0K+) in Ref. [4] has 4σ dis-
crepancy from experimental result. This indicates that
our results are essential to calibrate the W -exchange di-
agram amplitudes in these theoretical approaches.
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